Objective: To evaluate the antiemetic effect of ginger versus metoclopramide in children receiving cancer chemotherapy. Methods: A sample of 50 patients aged 6 -14 years attending the Haematooncology unit in Ibn AlAtheer Children's Teaching Hospital in Mosul city and receiving chemotherapy for their malignancies were included. They were randomly subdivided into 2 groups and received different types of treatment including ginger and metoclopramide. Results: The study showed that cancer was more common in female than in male with male to female ratio 0.85/1. Acute lymphoblastic leukemia was the most common type of cancer and constituted 60% of the cases and it revealed that response rate was higher in those treated by ginger compared to metoclopramide (72% and 32% respectively); response was found to be higher in males than in females (86.6% and 50% respectively). Conclusions: Nausea and vomiting are common problems in children receiving chemotherapy. Ginger (Zingiber officinale) appears to be promising in controlling these problems. 
, and it is an important and common problem of cancer treatment. The central nervous system plays a critical role in the physiology of nausea and vomiting, serving as the primary site that receives and processes a variety of emetic stimuli (3) , one of them is cancer chemotherapeutic agents which act on N chemoreceptor trigger zone by dopamine or 5-hydroxy tryptamine receptor activation. Because antineoplastic agents are cell cycle dependent, their adverse effects are generally related to the proliferation kinetics of individual cell population, most susceptible are those with high rates of cell turn over (4) . Therefore chemotherapy can act peripherally causing damage in gastro intestinal mucosa and releasing serotonin from enterochromaffin cells of the small intestinal mucosa which carry sensory signals to the medulla, leading to emesis (5) . Abdominal vagal afferents appear to have the greatest relevance for chemotherapy -induced nausea and vomiting (6) . Only few studies addressing the prevention of chemotherapy induced emesis have been carried out in children. Results obtained in adults can not be applied directly to children, since metabolism and side effects of drugs may be different. When tested in children, metoclopramide, which is a valuable drug for treatment of nausea and vomiting, had only moderate efficacy and significant side effects, most notably sedation and extrapyramidal reactions (5, 7) .
Over the last 2 decades, more effective and better -tolerated agents have been developed to prevent chemotherapy -induced nausea and vomiting (3) . Complementary and alternative medicine is increasing in use in the pediatric oncology population (8) . Ginger (Zingiber officinale) is considered a safe herbal medicine with only few and insignificant side effects (9) . The focus of this article was to compare the antiemetic effect of ginger versus metoclopramide in children receiving chemotherapy.
Methods
In this clinical study, the sample consisted of 50 patients, 23 males and 27 females who were receiving chemotherapy, and suffering from different types of cancer (30 acute lymphoblastic leukemia, 5 acute nonlymphoblastic leukemia, 10 non-Hodgkin lymphoma, 3 neuroblastomas and 2 rhabdomyosarcomas). bowel obstruction. Agreements from the health authority and parents of the children were obtained. The sample was randomly subdivided into 2 groups, each group consisted of 25 patients. Ginger and metoclopramide that were used for treatment were enclosed into empty hard gelatin capsule in order to have the same form, so that all patients received their treatment blindly. The capsules were prepared by a clinical pharmacist. The ginger was purchased from the local market (Indian ginger).
First group of patients were treated by ginger capsules orally. Dosage was calculated by adjusting the recommended adult dose to account for the child's weight. Most herbal dosages for adults are calculated on the basis of a (70 kg) adult, therefore if the child weight (20 -25 kg), the appropriate dose of ginger for this child would be 1/3 of the adult dosage (10, 11) , so each capsule was prepared to contain 500 mg of fresh ginger and to be taken one capsule twice daily for 3 days. The second group was treated by capsules containing 10 mg of metoclopramide 3 times daily for 3 days. Nausea was recorded by the patient and vomiting was measured by counting the number of vomiting episodes after treatment.
Studies have documented that occurrence of complete response (no nausea and vomiting episodes) is a highly accurate and reliable measure (12, 13) . This outcome has also been demonstrated to correlate with the patient's perception of nausea which can be judged only by the patient and this is according to a rating scale for nausea and vomiting utilizing verbal descriptors which was used in series of assessment studies in children with cancer aged 5 -18 years (14, 15) . The improvement after treatment was signed by stopped and reduced nausea and vomiting. Statistical analysis of data was done by using X 2 test to compare effects of these treatment modalities.
Results
Fifty patients were included in this study; they were 23 males and 27 females. Their ages ranged 6-14 years. All patients received chemotherapy for treatment of cancer. Table (1) shows the age and sex distribution of the study population; it is clear that cancer was more common in females than in males with male to female ratio of 0.85/1. Moreover the highest number of patients was in the age group 10-12 years. Table ( 2) shows the distribution of cases according to the diagnosis. It is clear that ALL constituted 60% of cases of pediatric malignancies, followed by NHL: 20% of cases.
It was evident from table (3) that the response rate (stopped and reduced nausea and vomiting) was higher among the group of patients who received ginger compared to those who received metoclopramide (72% and 32% respectively), and the relative risk was 2.37 with 95% confidence interval (CI) 1.3-3.43. The differences in response between the 2 groups was statistically highly significant (p<0.001).
Table (4) shows the response rate to the type of medications used in the present study in male population; the table signifies a higher response rate to ginger than metoclopramide 86.6% and 40% respectively. Moreover the relative risk observed to be 3.1 with 95% confidence (CI) 1.35-7.16 and the difference between the 2 groups was statistically very highly significant (P < 0.001). On the other hand, table (5) shows the response rate in female population. It is evident that the response rate to ginger in female population was higher than to metoclopramide (50% and 27% respectively), nevertheless this difference was statistically not significant (p > 0.05) relative risk found to be 1.78 with 95% confidence interval (CI) 0.67-4.61. 
Discussion
A diagnosis of cancer evokes immediate fear for patients and their families, in part because cancer is a potentially fatal disease but also because cancer and its treatment are commonly associated with pain, nausea and other distressing symptoms. Pediatric oncologists have a primary role in symptoms management and should reassure patients and their families that relief of distressing symptoms is feasible in most situations (14) , despite that nausea and vomiting continue to be significant side effect of cancer therapy (7) .
Inadequately controlled emesis significantly impairs quality of life and increases the risk of patient non-compliance with therapy. Substantial progress has been made over the last decade in developing more effective and better tolerated means to prevent chemotherapy induced emesis (16) .
Acute lymphoblastic leukemia (ALL) is the most common childhood cancer (17) . The incidence of ALL is higher among boys than girls, and this difference is greatest among pubertal children (18) and this is in agreement with the results of this study which showed that ALL constitutes 60% of cases of pediatric malignancies with higher incidence among boys (32%) than girls (28%). Antiemetics generally are classified according to the predominant receptor on which they are proposed to act. For treatment and prevention of nausea and vomiting associated with cancer therapy, several new antiemetic agents may be combined; particularly the selective antagonists of type 3 serotonin (5-hydroxy tryptamine [5HT 3 ]) receptor which are approved for use (19, 20) .
This study describes the use of ginger which has anti nausea properties (21) for management of chemotherapy-induced emesis in children and to compare it with metoclopramide. Ginger is one of the most commonly used herbal supplements that may be used in children over 2 years of age to treat such problem (11) , it is a member of family of plants that include cardamom and turmeric which has been used to ameliorate symptoms of nausea and vomiting. The exact mechanism of action is unclear, although it appears to inhibit serotonin (5-HT 3 ) receptors and exert antiemetic effects at the level of CNS and GIT (21) which are the site of action of chemotherapeutic agents. Metoclopramide is a valuable drug, useful for management of chemotherapy-induced emesis . It acts both peripherally (stimulate the release of Ach) and centrally (block D2 receptors in the chemoreceptor trigger zone). Additionally it can inhibit 5-HT3 receptors. (20) This clinical trial shows that ginger can significantly reduce nausea and vomiting induced by chemotherapy in children compared to metoclopramide ,and this result was in agreement with other studies (21, (23) (24) (25) (26) (27) which conclude that ginger can reduce nausea and vomiting of the chemotherapy and reduced use of anti emetic medications, on the other hand it is in disagreement with others (28) (29) (30) (31) .
Another factor that is associated with increased nausea and vomiting after chemotherapy is female gender (27, 32) which was associated with more frequent nausea and vomiting and weaker response to treatment as was seen in results of this study which shows higher response rate to treatment with ginger in male than female (86.6%, 50% respectively) and this was in agreement with other studies (33) (34) (35) . Studies suggest that anticipatory nausea can occur in pediatric cancer patients and show features of a conditioned response with greater severity of anticipatory nausea for female patients than for male patients (36) . The higher responsiveness of female compared with male, both for conditioning of (anticipatory) nausea and for its latent inhibition may be explained by 2 mechanisms: a higher susceptibility to nausea and to the development of nausea and vomiting in female, and/or a higher competence of female for learning compared with male. Significant gender effects have been seen for post treatment nausea, and usually females respond more strongly with nausea. Preliminary evidence has been gathered that females are more prone to Pavlovian conditioning theory (37) .
Conclusion
Ginger (Zingeber officinale) appears to be promising in controlling chemotherapy induced nausea and vomiting in children since it is less expensive and well tolerated by the patients with little side effects.
Recommendations
1-Further studies are still needed to confirm the observation with a larger sample size and longer follow-up duration in children with chemotherapy-induced nausea and vomiting. 2-Further clinical trials are needed to evaluate the possible side effects of ginger in children.
